Genetically determined deficiencies of the early components of the classical complement pathway (Cl, C4, C2) or of the third component of complement (C3) in both human beings and experimental animals are known to be associated with renal disease, including glomerulonephritis. The current study was performed to examine the C4-deficient (C4D) guinea pig for the presence of renal disease. Eighteen C4D animals and 17 control animals (Cr1:Hartley) (divided by sex into four age categories) were examined. Light microscopic examination revealed no differences in mesangium, glomerular cellularity, thickness of capillary loops, or presence of epithelial crescents in the kidneys of C4D guinea pigs as compared with control animals. Electron microscopic examination did not reveal glomerular or tubular immune complex deposits in either C4D or control animals. C4D guinea pigs apparently do not demonstrate glomerulonephritis.
Renal disease is a common clinical manifestation of genetically determined deficiencies of the complement system in both human beings and animals. Human beings with inherited deficiencies of the components of the classical pathway (Cl, C4, and C2) and of the third component of complement (C3) frequently manifest membranoproliferative glomerulonephritis. 20 In addition, at least one animal with a genetically determined deficiency of the complement system, the C3deficient dog, is known to have renal di~ease.~ The C4deficient (C4D) guinea pig was first identified over 20 years ago6 but has not been examined for the presence of renal disease. T h e C4D guinea pig has been used extensively in studies characterizing the role of the classical pathway in a variety of complement mediated reactions in vivo.
Given the importance of this animal model in complement studies and because membranoproliferative glomerulonephritis is common in human beings with C4 deficiency and dogs with C3 deficiency, we examined a colony of C4D guinea pigs for the presence of renal disease.
Materials and Methods

Animals
Breeding pairs of C4D guinea pigs were obtained from the National Institutes of Health (NIH),5 Bethesda ). The average life expectancy of the guinea pig is 3-4 years, therefore these age groups represent youth to middle age, the time when renal disease has been most commonly observed in human beings and in dogs.
Analysis of serum and urine
Although detection of histopathologic evidence of renal disease was the primary objective of this study, clinical data from urine, blood, and serum were collected on most animals. A complete urine analysis included color, specific gravity, pH, protein, glucose, ketone, bilirubin, nitrite, blood, urobilinogen, and sediment analysis. Hematocrit and total protein were determined from blood. Serum was assayed for creatinine, urea nitrogen, urea nitrogenlcreatinine ratio, glucose, sodium, potassium, chloride, and carbon dioxide.
Histopathology/electron microscopy
Guinea pigs were anesthetized and perfused intracardially with 4% paraformaldehyde in 0.1 M phosphate buffer (pH 2), and kidney samples were embedded in paraffin, sectioned at 3 and 5 pm, and stained with hematoxylin and eosin (HE), periodic acid-Schiff, and methenamine silver stain (3-bm sections only). Kidneys were scored during light microscopic examination for the presence of increased mesangium, glomerular cellularity, thickened capillary loops, epithelial crescents, tubular protein, and interstitial fibrosis using a relative scale of 0-4 for differences from normal limits: 0 = no change; 1 = slight change; 2 = moderate change; 3 = marked change; and 4 = severe change. Glomerular cell counts were made using thin (3 pm) HE-stained sections by counting all nuclei within representative glomeruli. Three such glomeruli were counted for each animal, and the numbers were averaged for the glomerular cell count for that animal.
Representative tissues from C4D and control animals in each of the sex and age groups were selected for electron microscopic evaluation (guinea pig Nos. 1, 2, 4, 6, 13, 15, 22, 30, 34). Tissues were postfixed in 1% osmium tetroxide in 0.1 M phosphate buffer (pH 7.2), dehydrated using graded alcohols, embedded in Epon, and sectioned. Specimens were examined ultrastructurally for immune deposits within glomeruli or tubular basement membranes, capillary loop thickening or irregularities, thickening of basement membranes, increased mesangium/cellularity, and effacement of podocytes. A relative scale of 0-4 for differences from normal limits, as indicated for histology, was utilized to rate any changes present. Immunohistochemical evaluation was not performed because of the absence of significant lesions identified by either light or electron microscopic evaluation. Previous studies have indicated that normal guinea pigs demonstrate spontaneous granular IgG and C3 deposits.''
Statistical analysis
Glomerular cell count data were analyzed using a twolevel factorial analysis of variance (ANOVA) with experi-
Results
Clinical features
There was little clinical evidence of renal disease in C4D or control animals. Urine protein concentrations were increased in older animals and this appeared to correspond to severity of interstitial fibrosis and tubular mineralization (data not shown). All other renal parameters measured were within normal limits for the species or reflected mild dehydration. Urine protein concentrations ranged from negative to > 2,000 mg/dl in some older animals. Specific gravity of urine ranged from 1 .OOO to 1.027, total serum protein concentration ranged from 4.5 to 6.8 g/dl, blood urea nitrogen ranged from 15 to 40 mg/dl, and serum creatinine concentration ranged from 0.4 to 1.1 mg/dl.
Light Microscopy
No differences were noted in kidneys of C4D and control animals in any of the age groups (Table 2) . Figures 1-4 demonstrate the histologic similarities between C4D and control kidneys. Glomeruli in all groups were uniformly unremarkable. Capillary loop thickness and mesangium scores were 0-1 for all groups, except for animal No. 6, whose glomeruli scored 1-2 for increased mesangium. Increased glomerular cellularity, interstitial fibrosis, and tubular mineralization occurred in both the C4D and control animals, and the seventy of these lesions worsened with age. Glomerular cell counts were averaged among groups to demonstrate trends. In animals 0-6 months of age, mean glomerular cell counts were 43 for experimental animals and 45 for control animals, whereas in both experimental and control animals > 18 months of age mean glomerular cell counts were 49. Interstitial fibrosis was rated as 0-1 in all 0-6-month-old animals, 1-2 in all 6-12-month-old animals, 1-3 in 12-18month-old animals, and 2 4 in all animals > 18 months of age. moderate interstitial fibrosis, similar to that of the C4D animal in Fig. 3 .
Electron Microscopy
Electron microscopic examination revealed no differences in kidneys of C4D and control animals (Figs. 5,6). Compatible with histologic findings, in both C4D and control groups the older animals demonstrated a slight increase in the mesangium and in the cellularity of glomeruli (guinea pig Nos. 13, 15, 30, 34); each animal was scored 1-2 for this parameter. Capillary loops were neither thickened nor irregular nor were basement membranes thickened. Animals in all groups were rated as 0-1 for these parameters. The interstitial fibrosis observed during light microscopic examination was characterized ultrastructurally by increased numbers of cells and collagen fibrils, but there was no evidence of deposits associated with tubular basement membranes or vessels (guinea pig Nos. 13, 15, 30, 34) .
Statistical analysis
The ANOVA for glomerular cellularity revealed that there was an overall significant difference between the C4D and control groups (P < 0.0376) that was due to the difference between the age groups (P < 0.0306) and not due to the C4D trait (P < 0.6310).
Discussion
Genetically determined deficiencies of the complement system have been associated with renal disease in both human beings and experimental a n i m a l~.~~~.~~ Vet Pathol 31:2, 1994 Membranoproliferative glomerulonephritis has been seen in a significant number of human beings with deficiencies of individual components of the classical and alternative pathways responsible for the activation of C3. Although a number of experimental animals have been described with genetically determined deficiencies of the complement system, only the C3-deficient (C3D) dog has been reported to have renal disease.3 In addition to renal disease, a variety of other rheumatic disorders have also been seen in complement-deficient human beings, including systemic lupus erythematosis (SLE), dermatomyositis, and rheumatoid a r t h r i t i~.~.~~,~~.~~ The basis for the association of membranoproliferative glomerulonephritis and other immune complex and rheumatic disorders with genetically determined complement deficiencies is not clearly understood. However, there is a great deal of evidence that the pathogenesis of renal disease in complement deficiencies is related to the role of the complement system in the processing and clearance of immune comp1exes.l.l 1, 16.23.24.26 Activation of C3 via the classical or alternative pathway helps to maintain immune complexes in solution and aids in their clearance from the circulation by phagocytic cells of the reticuloendothelial system. Thus, human beings and experimental animals with genetically determined deficiencies of C3 or deficiencies of the components necessary for the activation of C3 lack an important mechanism for processing immune complexes and thereby may be at greater risk for immune complex diseases such as membranoproliferative glomerulonephritis.
The fourth component of complement (C4) plays a critical role in the activation of C3 via the classical pathway because one of its cleavage products, C4b, forms part of the classical pathway C3 cleaving enzyme, C4b2a. In human beings, C4 is encoded by two closely linked loci within the major histocompatibility complex (MHC).I2.I7 The products of the two loci, termed C4A and C4B, differ slightly from each other with respect to function and electrophoretic mobility.13J7. 18, 25 In human beings, inherited deficiencies at one or the other locus are relatively common; homozygous C4A deficiency occurs in approximately 1 Yo of the population, and homozygous C4B deficiency occurs in approximately 3°/o.9.10 Complete deficiencies of both C4A and C4B in the same individual are extremely rare, however; only 21 of these patients have been r e p~r t e d .~
Patients with complete deficiency of C4 have often presented with membranoproliferative glomerulonephritis, either as an isolated finding or as part of a broader illness that closely resembles SLE.9.i0.13-Guinea pigs with complete C4 deficiency were first identified in 1970.s The deficiency is inherited as an autosomal recessive trait and, as in human beings, is 15.22 Fig. 5. Electron micrograph. Renal glomerulus; C4D guinea pig No. 16, 12-1 8 months of age. Glomerular basement membranes are of normal thickness and lack evidence of glomerular deposits. Bar = 20 pm. Fig. 6 . Electron micrograph. Renal glomerulus; control guinea pig No. 30, > 18 months of age. Glomerular structure is normal, with no discernable differences from that of the C4D animal in Fig. 5 . Bar = 20 pm. closely linked to the MHC.2,6,8 Affected animals have no C4 in their serum. The C4D guinea pig has played an important role in the elucidation of the relative roles of the classical and alternative pathways in a variety of complement-mediated reactions in vitro and in vivo.6 A recent study of C4D guinea pigs revealed that they had serologic evidence of polyclonal B-cell activation, although there was no evidence of circulating immune complexes or immune complex deposition in their kidney^.^ Given the value of these C4D guinea pigs in the study of the complement system in vivo, we undertook the current study to determine if they had renal disease, like their human counterparts do. Because previous work on C3D dogs revealed that the majority had histologic evidence of renal disease in spite of little clinical evidence of renal f a i l~r e ,~ it was possible that renal disease in C4D guinea pigs had been overlooked.
There were no differences in renal lesions between C4D control guinea pig kidneys. Spontaneous renal lesions have been reported in normal guinea pigs; these lesions progress with age and include interstitial nephritis, arterial sclerosis, tubular atrophy, and increased glomerular cellularity.28 These lesions were not altered in animals receiving immune suppressive treatment, suggesting that the lesions are not autoimmune in origin. Spontaneous granular deposits of IgG and C3 have been observed in glomeruli of normal guinea pigs and increased in severity with age. 27 No evidence of glomerular deposits was detected by either light or electron microscopic examination of C4D or control animals in our study.
The failure to demonstrate renal disease in C4D guinea pigs, even though human beings with complete C4 deficiency commonly have renal disease, may be explained by one or more factors. C4D guinea pigs were all maintained under standard laboratory conditions and may not have been exposed to environmental antigens that might contribute to immune complex deposition. Antecedent infections are commonly associated with the onset of immune-mediated renal disease in human beings. Additionally, the association with the MHC has been suggested as a factor in the immune complex diseases and glomerulonephritis seen in early classical complement deficiencies in human beings. The MHC of the C4D guinea pigs has not been well characterized and may lack allelic features that contribute to immune complex disease in human beings and in dogs.
